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activitiesや includingや speech,や foodや andや liquidや consumption.や Treatmentや ofや oralや diseaseや isや greatlyや
limitedやbyやtheやdoseやformsやthatやareやcurrentlyやavailable,やwhichやsufferやfromやshortやcontactやtimes,やpoorや
siteやspecificity,やandやsensitivityや toやmechanicalやstimulation.やMucoadhesiveやdevicesやpreparedやusingや
electrospinningや offerや theや potentialや toや addressや theseや challengesや byや allowingや unidirectionalや siteま








Theや oralや cavityや playsや aや vitalや roleや inや dayまtoまdayや life,や includingや speech,やmastication,や eating,や





theやmarket;やhowever,やmanyやofや theseやonlyやhaveやaや transientや therapeuticやeffectやdueや toや limitedやdrugや
retentionやonやtheやaffectedやmucosa.ȱ




availableや drugや deliveryや systemsや thatや fullyや addressや theseや problems.や Electrospinningや thinや fibrousや
patchesや forや localや oralや drugや deliveryや mayや beや idealや toや overcomeや theseや challenges,や whereや theや
manufacturedや fibresやhaveやaやhighやsurfaceやareaやtoやsimultaneouslyやallowや increasedやdrugやreleaseやandや
mucoadhesiveやinteractionやwithやtheやtissue.やInやrecentやdecades,やnumerousやscientificやstudiesやhaveやshownや
thatや electrospunや systemsや canや actや asや drugや deliveryや vehiclesや [3,4].や Moreや recently,や electrospunや
oromucosalやdrugやdeliveryや systemsやareやbeingやdevelopedや forや localや treatmentやofやoralやdiseases.やThisや
reviewやintroducesやtheやrequirements,やmanufacture,やandやcharacterisationやofやelectrospunやmucoadhesiveや




orや treatingや infectionsや andや inflammatoryや diseases.や Thisや reviewや alsoや discussesや howや electrospunや




Theやoralやmucosaや isや theやmucousやmembraneや liningや theやoralや cavityや andや consistsやofや aや stratifiedや
squamousや epithelium,や basementやmembrane,や laminaや propriaや andや submucosaや (Figureや 1)や [5].や Theや
epitheliumやtypicallyやconsistsやofやfiveやlayersや(stratumやbasale,やstratumやspinosum,やstratumやgranulosumや
andや stratumや corneum)やdependingや onや levelや ofや keratinisation.やTheや epitheliumや isやmadeや upや ofや oralや
keratinocytesやthatやoriginateやinやtheやstratumやbasaleや(basalやlayer),やwhereやtheyやdivideやbyやunevenやmitosis.や




asや theyやprogressや intoや theやstratumやgranulosum.やHere,や theやkeratinocytesやcontainやmembraneやcoatingや
granulesや thatや extrudeや lipidsや andや these,や alongやwithや theや lowや intracellularや volume,や actや asや aやhighlyや
efficientやpermeabilityやbarrierやagainstやhydrophilicやmaterialsや [6].やTheやkeratinocytesや finallyやenterや theや
stratumやcorneum,やwhereやtheyやcanやeitherやshedやtheirやnucleiやandやincreaseやkeratinやproductionやtoやbecomeや
keratinisedやorやretainやtheirやnucleiやandやbecomeやnonまkeratinised,やbeforeやeventuallyやbeingやlostやtoやtheやoralや





thatや performや importantや immunosurveillanceや rolesや andや sensoryやMerkelや cells.や Theや surfaceや ofや theや
epitheliumや isや bathedや inやmucinsや (highlyや glycosylatedや proteins)や andや inorganicや saltsや areや primarilyや
secretedやbyやsublingualやsalivaryやglands.やTheseやcauseやtheやgelationやofやtheやouterやlayerやintoやaやprotectiveや













basale,やwhilstや fungiや suchや asや Candidaȱ albicansや canや infectや theや upperや epithelialや layersや causingや oralや
candidiasisやorやdentureやstomatitis.やTherefore,やtheやepitheliumやisやtheやmainやdrugやdeliveryやtargetやforやtheや
treatmentやofやmostやoromucosalやdiseasesや[9].や
















includingや peptides,や tendや toや favourや transportや aroundや keratinocytesや (paracellularや route)や andや areや
usuallyやlessやwellやabsorbedや[10].やForやcertainやdrugs,やtranscellularやtransportやacrossやtheやoralやmucosaやmayや
occurやviaやcarrierまmediatedやtransport.やForやexample,やthereやisやevidenceやthatやmonocarboxylateや[13]やandや










minや [20].や Buccalや tabletsや haveや beenや usedや forや severalや drugsや includingや opioidや painkillersや [20],や
nitroglycerin,や andや steroidや hormonesや forや hormoneや replacementや therapyや [15].や Theseや requireや theや









constantやsalivaやflowやandやmechanicalやforces.やThereや isやaやclearやneedや forやnewやformulationsや thatやallowや
specificや deliveryや ofや aやwellまdefinedや drugや doseや toや theや oralやmucosa.や Electrospunやmaterialsや areや anや
interestingや emergingや technologyや forや thisや application,や dueや toや theirや flexibilityや andや thinnessや inや








beingや usedや asや surgicalや graftsや orや forや tissueや regenerationや [2334].や Theや techniqueや isや particularlyや




collectorやplateや (Figureや 2).やTheやpowerや supplyや injectsや chargeや intoや theや solutionや causingや aや streamや toや
accelerateやawayやfromやtheやtipやdueやtoやtheやelectricalやrepulsionやexceedingやsurfaceやtension.やTheやpointやofや
eruptionやisやcalledやtheやTaylorやcone.やAやsyringeやpumpやdrivesやtheやsyringeやatやaやcontrolledやflowやrateやtoやkeepや
theや spinneretや tipや filled.や Polymerや entanglementsや increaseや viscosityや leadingや toや theや formationや ofや aや
continuousや fibreや ratherや thanや droplets.や Theや polymerや streamや drawnや awayや fromや theや needleや tipや
undergoesやwhippingやmotionsやcausedやbyやelectrostaticやrepulsionsやwithinやtheやstreamや[35].やTheやsolventや














sheath.やRecently,や thereやhasやbeenや interestや inやhighまthroughputやnanofibreやproductionや toやallowやmoreや
economicalやmassやproduction.やNeedlelessやelectrospinningやinvolvesやinjectingやchargeやintoやaやtroughやorや
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Tableȱ1.ȱVariationsやandやmodificationsやtoやtheやelectrospinningやtechnique.や
Modificationȱ Typeȱ Applicationȱ Referenceȱ







Beltやcollectorや Collectorや Increasedやoutputや [46]や
Patternedやcollectorや Collectorや Patternedやmembranesや [37]や
Coaxialや Spinneretや Multipleやdomainやfibresや [47]や





Multiまneedleや Spinneretや Increasedやoutputや [49]や
Needlelessや Spinneretや Increasedやoutputや [42]や
Centrifugalや Spinneretや Increasedやoutputや [43]や
Emulsionや Feedstockや Multipleやdomainやfibresや [39]や
Sequentialや
electrospinningや Feedstockや Multipleまlayeredやmembranesや [49]や
Meltや Feedstockや Solventまfreeやmanufactureや [50]や







haveや beenや extensivelyや studiedや forや useや inや orthopaedicや devicesや whereや biodegradabilityや isや oftenや





partや ofや aや compositeや systemや toや improveや residenceや time.や Poly(ethyleneや glycol)や (PEG),や poly(vinylや
alcohol)や(PVA)やandやpoly(vinylpyrrolidone)や(PVP)やareやcommonlyやusedやwaterまsolubleやpolymers.やTheseや
haveや beenや includedや inや aやwideや varietyや ofや pharmaceuticalや productsや andや areや generallyや consideredや
biologicallyやinertや[55,56],やwhichやmakesやthemやaやgoodやoptionやforやrapidlyやdissolvingやmembranesやorやforや









Theや moistnessや ofや theや oralや mucosaや makesや itや aや challengingや siteや forや adhesion;や therefore,や
mucoadhesivesやareやoftenやrequiredやtoやachieveやacceptableやresidenceやtimes.やDependingやonやtheやnatureやofや
theやpolymer,や severalやdifferentやmechanismsやmayやbeや involvedや inやmucoadhesion.やTheseや includeや theや
effectsやofやsurfaceやtension,やdehydration,やdiffusion,やelectrostaticやinteractions,やandやchemicalやadsorptionや
(e.g.,やthroughやtheやformationやofやcovalentやbonds).やWaterまsolubleやpolymersやsuchやasやPVPやswellやrapidly,や




intoや theやsubstrate.やProlongedやadhesionやarisesやdueや toやhydrogenやbondingやorや ionicや interactions,やandや
entanglement,や betweenや theや interpenetratingや polymersや andや glycoproteins.や Inや general,や higherや
molecularや weightや waterまsolubleや polymersや resultや inや improvedや residenceや timesや dueや toや slowerや
dissolutionやandやincreasedやchainやlengthやforやinterpenetration/chainやentanglementや[59].やMoreやflexibleや
polymersやwithや linearまchainや configurationsや tendや toや diffuseやmoreや easilyや intoや theや biologicalや tissue,や







suchや asやpoly(acrylicや acids),や includingやCarbopol®や [66],や andや theやEvonikやEudragit®や seriesやhaveや alsoや




Noや oneや methodや hasや beenや identifiedや toや measureや mucoadhesionや andや thereや isや noや obviousや




























chambers,やwhereや theや donorや chamberや containsや theや doseや formや andや theや receptorや chamberや holdsや aや
temperatureや controlledや physiologicallyや relevantや bufferや solution.や Inや someや instances,や syntheticや
membranesやmayや beや usedや toや eliminateや someや variabilityや causedや byや animalや tissueや [83].や Forや theseや
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methods,や theや solutionや isや removedや fromや theや receptorや chamberや atや preまdeterminedや timeや pointsや toや
measureやtheやdrugやpermeationやoverやtimeやusingやaやUVやspectrophotometerやorやHPLC.やMoreやrecently,やtheや
localisationやofやpermeantsやwithinや theやoralやmucosaや itselfやhasやbeenやvisualisedやdownや toやaやmicrometreや
scaleや resolutionや usingや matrixまassistedや laserや desorptionや ionisationまmassや spectrometryや imagingや
(MALDIまMSI)やonやsectionedやtissueや[84].や
3.5.ȱExcipientsȱandȱOtherȱConsiderationsȱ





drugや inや cellやmembranes,や leadingや toや fasterや uptake.や Supportingや evidenceや forや thisやmechanismや hasや
recentlyや beenや producedや usingや permeationや kineticや experimentsや andやmassや spectrometryや imaging,や















Otherや considerationsや forや aや topicalや dosageや formや thatや adheresや toや theや oralや mucosaや includeや
disturbancesやtoやtaste,やspeech,やeatingやandやdrinkingや[15].やItやmay,やtherefore,やbeやdesirableやtoやavoidやfoulま
tastingや drugsや andや excipientsや orや deliverや themや unidirectionallyや intoや theやmucosa.やLowや profileや andや
flexibleやdosageやformsやmayやreduceや theや likelihoodやofやtheやdeviceやbecomingやdislodgedやbyやmechanicalや





responsesや initiatedや byや pathogens,や foreignや bodies,や ionisingや radiation,や orや autoimmuneや disorders.や
Commonやchronicや inflammatoryやdiseasesや includeやoralや lichenやplanusや (OLP),やwhichやproducesやwhiteや













Severalや researchや groups,や includingや us,や haveや beenや atや theや forefrontや inや theや developmentや ofや
electrospunやmucoadhesiveやpatchesや(Tableや2).やIndeed,やourやcloseやindustrialやcollaborationやwithやAFYXや














Rivelin®や andや recentlyや successfullyや metや theや primaryや endや pointや inや phaseや 2bや clinicalや trialsや
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や
Figureȱ4.ȱMucoadhesiveやRivelin®やpatchesやplacedやonや theや (A)やgingiva,や (B)や lateralや tongue,や (C)やbuccalや
mucosaやofやaやhealthyやhumanやvolunteer.やReproducedやfromやBiomaterialsや2018,や178,や134146.や
Weiやetやal.やusedやneedlelessやelectrospinningやwithやaやdoubleや ringまshapedやspinneretや forや theやrapidや




mayやbeやbeneficialや forや theや treatmentやofやRASやandやdiclofenacやsodium,やanやantimicrobialやanalgesic,や toや
reduceやtheやriskやofやinfectionやandやrelieveやpain.やTheやfibresやwereやthenやplacedやontoやaやhypromelloseまbasedや
gelや inやaやmouldやandやallowedや toやdryや toやproduceやanやadhesiveやbackingや layer.やDiclofenacやsodiumやwasや












spinneret.や Yellowや layer:や curcuminまloadedや PLLAや nanofibreやmesh;や blueや layer:や diclofenacや sodiumま
loadedやPEOやnanofibreやmesh.やReprintedやwithやpermissionや fromやACSȱAppl.ȱMater.ȱ Interfacesや2019,や11,や
2874028751.やCopyrightや(2019)やAmericanやChemicalやSociety.や
Althoughや thereや haveや beenや relativelyや fewや studiesや onや electrospunや mucoadhesivesや forや
inflammatoryやconditions,やtheyやhaveやgreatやtherapeuticやpotentialやdueやtoやtheやlargeやnumberやofやpatientsや
affected.やElectrospunやpatchesやofferやimprovedやresidenceやtimesやoverやtopicalやointmentsやandやrinsesやand,や
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Chronicや oralやmucosalや painや isや aや commonや complaintや thatや canや haveや aやwideや varietyや ofや causesや
includingや infections,や inflammation,や chemotherapy,や orや surgeryや [100].や Overまtheまcounterや oralや nonま







localや anaestheticsや (lidocaine)やorや antihistamines,や antimicrobialや agents,や corticosteroids,や andや coatingや
agents.やTheseやhaveやunclearやeffectivenessやandやoftenやresultやinやsideやeffectsや[103].やSomeやstudiesやsuggestや



















buccalや tissue.や Additionally,や lidocaineや releasedや fromや theや patchesや inhibitedや veratridineまmediatedや
openingやofやvoltageまgatedやsodiumやchannelsやinやSHまSY5Yやneuroblastomaやcellsやinやaやrealまtimeやfunctionalや




Oralやpainや representsや aや largeやmarketやwithやmultipleやunmetや clinicalや needsや andや is,や therefore,や aや




whichやmayやbeやmoreやeffectiveや forや treatingやoralやmucositis,や suchやasやbenzydamineやHCl,やopiates,やandや
amylmetacresol/dichlorobenzylやalcoholや[103,108].や
Pharmaceuticsや2020,ȱ12,や504や 12や ofや 21や
 
や
Figureȱ 6.ȱHaematoxylinや andや eosinや (H&E)まstainedや tissueや sectionsや andや correspondingやMALDIまMSや








diabetics,や immunocompromisedや patients,や andや thoseや onや longまtermや antibioticや orや steroidalや therapyや
[109].やTheやinfectionやcanやbeやpresentやasやsuperficialやplaques,やredやlesions,やorやchronicやplaquesやcausedやbyや
























Similarly,や Szabóや etや al.や incorporatedや terbinafineや HClや atや approximatelyや 7%や w/wや intoや 1:5や
chitosan/PVAや fibresや fromや anや aqueousや solution.や Theや fibresや dissolvedや rapidlyや inや artificialや saliva,や




agentsや againstや oralや candida.や Theや 1:1や gelatin/nystatinや fibresや wereや electrospunや fromや 1,1,1,3,3,3ま
hexafluoroま2まpropanolや andや subsequentlyや immersedや inや PEGや diacrylateや andや 2,2まdimethoxyま2ま















aや suitableや rate,やwithや 90%や ofや theや enzymeや releasedやwithinや 2や h.や Theや enzymeやwasや shownや usingや anや
enzymaticやassayやtoやmaintainやhighやactivityやandやinhibitedやtheやgrowthやofやtheやoralやbacteriumやStreptoccocusȱ
rattiȱ inや suspensionや [96].ȱLysozymeや isや effectiveや againstやC.ȱ albicansやandやvariousやoralやGramまpositiveや
bacteriaやandやmayやbeやparticularlyやusefulやasやaや treatmentや inやpatientsやwithや reducedや salivaや lysozymeや
concentration,や suchや asや childrenやwithや chronicや tonsillitisや andやpatientsやwithや oralやmucositisや [114]や orや




Researchや soや farや hasや shownや thatや aやwideや varietyや ofや alternativeや antifungalや agentsや thatや couldや











acceptability.や Futureや drugや deliveryや devicesや areや likelyや toや bringや otherや advantages,や suchや asや longerや
residenceやtimesやorやtheやabilityやdeliverやdrugsやthatやareやincompatibleやwithやnonまaqueousやelectrospinningや
solvents.やTherefore,やitやisやexpectedやthatやmoreやelectrospunやdrugやdeliveryやmaterialsやwillやbeやdevelopedや
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withやanやemphasisやonやclinicalやtranslation.やSoやfar,やtheやtechnologyやhasやbeenやappliedやtoやaやnarrowやrangeや







couldやbeやeffectiveや ifやdeliveredやdirectlyや toや theやaffectedやsiteやratherや thanやsystemically.やMoreover,や theや
deliveryや ofや therapeuticや monoclonalや antibodiesや directedや atや proまinflammatoryや cytokinesや wouldや
radicallyやalterやtreatmentやoptionsやforやinflammatoryやdisordersやsuchやasやOLPやorやRAS,やconditionsやwhereや
theseやmoleculesやareやaやmajorやdriverやofやpathogenesisや [119].やHowever,や toやdeliverやbiologics,やbothや theや
compatibilityやwithや theや solventや systemや andや theや permeabilityや ofや theやmucosaやmustや beや considered.や
Indeed,やrecentやworkやbyやEdmansやetやal.やsuggestsやthatやtheやRivelin®やformulationやisやsuitableやforやproteinや
deliveryや [96].や Stieや etや al.や recentlyや reportedやmucoadhesiveや chitosan/PEOや fibresや electrospunや fromや aや
mildlyやacidicやaqueousやsolution,やwhichやareやexpectedやtoやbeやfurtherやinvestigatedやforやoromucosalやpeptideや
deliveryや[120].やItやisやalsoやexpectedやthatやmoreやcomplexやelectrospinningやtechniquesやforやmixedやorやmultiま
domainや fibresや couldや beや usedや toや encapsulateや biologicsや thatや wouldや otherwiseや beや susceptibleや toや
denaturationやbyやtheやelectrospinningやsolvent.やAlthoughやbiologicsやtendやtoやpermeateやtheやoralやmucosaや
lessやeasilyやthanやsmallまmoleculeやdrugs,やcertainやpeptides,やincludingやinsulinや[121]やandやsalmonやcalcitoninや
[122],やhaveやbeenやobservedや toやpermeateや theやoralやmucosaや sufficientlyや toや achieveや therapeuticやbloodや
plasmaやconcentrations.やTherefore,やitやisやexpectedやthatやbiologicsやcouldやalsoやpermeateやintoやtheやmucosaや
toやprovideや aや localや therapeuticや effect.やFutureやworkや isやneededや toや investigateやpermeationや followingや
releaseや fromや aや mucoadhesiveや electrospunや material.や Mucoadhesiveや patchesや mayや improveや









forやoralやsquamousやcellやcarcinomaやorやpreまmalignantや lesions.やPotentialや therapeuticsや includeやhistoneや
deacetylaseや (HDAC)や inhibitors,やsuchやasやsuberoylanilideやhydroxamicやacid,やwhichやactやasやepigeneticや
chemosensitisersやtoやincreaseやtheやeffectivenessやofやtraditionalやchemotherapyや[124,125].やTyrosineやkinaseや
inhibitors,や suchや asや gefitinibや orや cetuximab,や targetや epidermalや growthや factorや receptors,やwhichや areや
overexpressedや inやmanyやsolidや tumours,やandやcanや increaseやcancerやcellやapoptosisやandやradiosensitivityや
[126,127].やImiquimod,やanやimmuneやresponseやmodifierやavailableやasやaやdermalやcream,やhasやshownやpromiseや
inやanimalやmodelsやforやreducingやoralやleukoplakiaや[128].や
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